paring both cases, we have also solved the latter one, from which it has been ascertained I hat the feature of damping due to structural inner damping greatly differs from that due to wave formation. We shall first solve the vibration problem of a ship with structural damping resistance under periodic symmetrical torque as well as periodic anti-symmetrical torque, both operative at the middle point of a ship and next discuss a similar problem with damping resistance due to wave formation, again under the same torques, the respective ones of which will be shown in Sections 2-5.
2. The cuse of structural inner damping, with periodic anti-symmetrical torque operat ire at the middle of the ship.
Assume, for simplicity, that the ship of length 1 is cylindrical as shown in Fig.   1 , the damping resistance of modulus T lying only in parts AB and AT'. proportional to the velocity of deformation, the result shown in Fig. 4 being obviously true.
4. The case of damping due to wave ,formation, with periodic anti-symmetgical torque operati re at the middle of tie ship. In the present case, the damping is proportional to vibration velocity, so that the equations of vibratory motion in (1) vibration. If the case of flexural vibration w.J,re considered, the condition would be somewhat modified, in which case the part of the maximum deformation does not coincide with the position of the node. It is however possible to say that the part of the .maximum curvature of deflection corre;ponds to that of the maximum deformation, from wlich the condition of the damping in flexural vibration can be known rather simply.
From the above consideration it will be seen that if the damping is structural, the two nodal flexural vibration and the one-nodal torsional vibration can be well damped by the concentration of the damping resistance near the midship section, whereas if the damping is due to wave formation, although the two-nodal flexural vibration can be damped by wide .midship form, the damping of the one-nodal torsional vibration will be attained by flat vertical surfaces near both ends of the ship.
In an actual ship, although the damping condition due to wave formation is almost satisfied, that due to the structural origin is not always in a satisfactory condition.
The cargo within a ship may serve as a kind of structural damping, but the part of that cargo does not always lie near the midship section. Vibration period T and damping coefficient b2 (p20 being its value without damper).
wire as a fraction of the length 1 of the same wire. It will be seen that although the vibrational period T was almost constant for any ratio of d/l, the damping coefficient p2 (p2 being its value without oil damper) increased with increase in that ratio. Since the velocity of the vibration displacement is to be proportional to the ratio d/l, the coefficient p2, from common sense reasoning, should increase linearly as the same ratio. From the present results, on the other hand, the damping coefficient increased almost as a square of the ratio d/l. This arised probably from the condition that the damping resistance of the oil to the movement of the blades was not proportional to the vibration velocity. At all events, it was confirmed that in such a case that the damping resistance -increases with vibration velocity, the effective position of the damper is naturally the loop of the vibrational mode. Although the model experiment concerning the case of damping resistance that depends on the velocity of the deformation, was also in our hope, yet owing to the difficulty of constructing the model of that condition, the same experiment could not be realized. 9. General summary and conclvding remarks. From the present investigation it has been ascertained that if the damping resistance be structural, the concentration of that resistance in such a position that the deformation in elastic vibration is great, is efficient. Thus, the material inner damping in fibres remote from the neutral surface should naturally be great. With regard to the distribution of the damping resistance lengthwise the ship, the two-nodal flexural vibration and the one-nodal torsional vibration can be damped by the concentration of that resistance near the midship section. In the actual ship, although the cargo serves as a kind of structural damping, the last condition is not fully satisfied. At any rate, the concentration of damping resistance in certain parts is quite efficient in the damping of the ship vibration. If the damping resistance be due to wave formation, the two-nodal flexural vibration can be damped by wide midship section and the onenodal torsional vibration by the flat vertical surfaces toward both ends.
In the present investigation, a very great part of the mathematical calculation was performed by the kind aid of Mr. K. Kanai and, the model experiments were conducted by Messrs. Siose and Hanyn. I wish to express my sincerest thanks to these gentlemen. I also wish to express my wannest thanks to the Council of the Kona Memorial Marine Foundation for aid given to a series of investigations, of which this study is a part. Jaded votes (April 3, 1940) :-After this paper had been printed, the author's attention was tolled to the fact that the vibrational condition of an oil tanker also concerns the present problem. Although the vibration of such a boat may be due partly to the position of her engine room lying at her end, a more important condition for the occurrence of that vibration is that, the load on hoard the ship being liquid, the inner damping to vibration is extremely bridge were certainly large.
